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~~ c :*~~~~ F I L A T I O N  O~~ T~4O, ~~A OE~(Wh.t. Jat . ~~~~~~~~

~o’k .~Q A b s t ra c t  ( c o n t i n u e d )

‘. .. ‘ir i a ’s. is c l o s e ly  c onn ec t e d  w i t h  t he dens i  tv  m a t r i x  and the  i n f o r mat i o n
~ c’ t i c  ) r e a c h c s  . However , i t  h a s  thic advan t age  of cing b e t te r  a b l e  t o

a I i :~ s cr n i e m p i r i c a i  I n f o r m a t i o n , s u ch  as ab 8orpt lon  and s c a t t e r i n g  s p e c t r a .
~n r e s u l t s  of  the  work  can he l i s te d  as f o l l o w s : ( 1)  un l i  I c a t l on  af

: : e r ~~. i t , i L i e n — m a t t e r  t i m e— d e p e n d en t  in t e r a c t i o n  th e o r i e s  of Rama n s c a t te r i n g ,
• iv I e ~: ~ a t t er i n g ,  a hso rp  t i o u — f  I uore s cone e spec t rose opv , with or wit b o u t

p~~ ~~~ii c of r a dj a t i o n i ~~ss t r a n s i t ion s ;  (
~ t h e  discovery and deve l opment

~~~~ a u ds  wlic r~ ) V e r t . ~ in  cmp Ic;.: , v~ ~ r i i  c i i  ly  n i x e d  s pe ct r a  O t  ~i n I  ‘Ta r ~ r n i c

~~~~~ Ls’ ‘ u n t a n gl e d ’  SO at  t h e ’ ca:: I C  and l y z c d  by o r d i n a ry  ~ p € c t  r —

~~~‘p I c  i t h ou s  ; ( 3)  t he  th eo re t t e a  inves L i g a t i o n  of a mec han i sm fo r  the
t ; ~t r c n ~~i v  r ip i d  r a d i t i o n l e s s  io s s  o~ en er g Y  f o l l o w i n g  absorption of ionizing
r i a i i t ~ a a m a t e r i a i ~~ (4) initiation of some picosecond spectroscop ic

5 us ing a Nd± i/glass mode—loc ked laser; (5) a detailed theoretical
~.a: i ~vs suggesting how “quantum heats ” and other types of nonexponentia 1 de~~
l~~ u l d  ~ studied by picosecond spectroscopy ; and (6) some suggestions
c;o cr :  L I ~~ me thods by whie h phiotochem ical yields can be changed through

1suh t le variations of the light source by an experimenter.
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1 , •

I . I [ I t l 1 . \ ’ l l
aj er s  p u b l i s h e d  ~~~~ j_ _t~~_ ç t , r~~r ’ t .

1 . ‘‘Mo .I ecu l  a r E l  to trwi is Ra 11:1 t I on less  T r a n s  i t ions , ‘‘ f r o m  Exc i ted
S t a t e s , F . C.  L i m , C d . ,  C . WI ise Rob in-a n , Ac : id t mi c Press ,
~~t W  York , 1974 , \ 1  . 1 , PP .  1 — 3 4 .

2 .  ‘!h~~ r’. of R a dt a t i on l  CSS I r a n - ;  t ions  in P o l v a t  omic ~io lecu1cs
The J n t e r r n e d i : i t t  Case , C .  W .  R o b in s o n  and  C . A. l~~n g h o f I
Chemica l l ’hvs .  , 5 , ( 1 9 7 4 ) .

3. Dominance  of ~Ic t h i v 1  Group s  in P i co second  V i b r a t i o n a l  R e l a x a t i o n
In H y d r o c ar b o n s , 1’ . R. Monson , S .  P atum t e vap  ib a l  , K.  . 1. K a u f :  I f l ,
an d C . ~~~ . Robinson , Chem. Phys. L e t t e r s,  2 1i , 312 ( 1 9 7 4 ) .

4 .  Time Decay and U n t a n g l i n g  of V ib r o n i ca l l y  Tangled Resonances :
Nap h t h a len e  Second Sing let , C. A. Langh o f f  and C. 14. R o b i n s o n ,
Chem._!ii~~~.. 5, 34 ( 1 9 7 4 ) .

. Theory of Time—Resolved Resonance Scattering, Jacqueline 0 .
Berg, Charles A. Langhoff , and C. Wilse Robinson , Chem.
Phys. Letters., 29, 305 (1974).

6. The Leve l S h i f t  Operator and I t s  E f f e c t on Line Shapes  in
Vibronic ally Perturbed Spectra , Charles A. Langhoff and C.
Wilse Robinson , Mol. Ph~~ ., 29, 613 (1975) .

7. An Approach to the Understanding of Radiation Cliemis try in  t h e
Condensed Phase, J. 0. B erg  and C. W.  Rob inson , Clie n i.  Phys.
Le t t e r s ,  34, 211 (1975).

8. Lineshape—Li fetime Relationship and Emission and Scattering
of Ligh t by Polyatomic Molecules , C. 14. Rob inson and J. 0.
Berg, Can. J. Phys., 53, 2068 (1975) Herzberg Festsc lirif t
Edition .

9. Extraction of Vibronic Information from Tangled Spectra ,
J. 0. Berg, Chem. Phys. Lett., 41, 547 (1976) .

B. Papers In preparation.

1. A Un ified Theory of Time—Dependent Light Scattering,
G. W. Robinson and J. 0. Berg, Chem. Piiys., submi tted.

2. Resonan t and Near—Resonan t Rayleigh and Raman Scattering for
a Diatomic Molecule, J. 0. Berg and C. W. Robinson , Chem .

~i)L!-’ submitted.
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c .  l~~j~e rs j u b l i s l i e d  u d i j~rej a r a t i o n  j~~~n t  wi t I r t  I re  A u s t r a l i a
R e s e a r c h  G r a n t  ( c”w I t ee  j i d  w It  1 ~ w i l l  f o r m  the  f oun d a t i o n
paper s  o~~~ a c i 1 n u ! n~~ L~±~* 

( r t a t 1exas ~~~ech U n I v & r s i t1.

1. Direct e!serva t ion of Rotationa l Pit f u s i o n  h ’’  P i c o s ec o n d
S l e e t r o s e p y ,  C. R . I - t e m i n ~~~, J .  M . M o r r i s , and C . W . R o b i n s o n ,
shop :.  l ’I iv ~~. , 17 °l (1976).

2 .  P i c o s e c o n d  Sp e ct r eseop ic  St u d l e s  of S p o n t i r l e o u s  and St  im i l. t ted
Emiss ion  in  Or g a n i c  Pvc M o l e c u l e s , C. P .  F l e m i n g ,  A . E . b .  K n i~~i t ,
J .  M . ~‘ r r ! s , P . _ f . R o b b l u - , and  C. U .  R o b i n s o n , Chern . t h y . ,

t O  op t e d .

I. Pj e  oS~~c otid Sluorcscence Studies of Xanthene Dyes , C. R.
F l e n in g ,  A . L . P ’ . K n i g h t , J . M .  M o r r i s , R. 1 .S .  M o r r i s o n .
:111(1 C. U .  Rob i ns oi • .3. Aiti . Chen t . Soc . , (IC (0!) t ed

4 . P i c o s e c on d  F luo r e scence  Spec t r e s eo p v  U s i n g  a Streak Camera ,
C. R. Fleming, 1. M. Morris , and C. 14. Robinson , in p r - p I r t t i o n .

5. Properties of  Single Picosecond Pulse from Neodymium:
Pho~ ph~ te Glass, C. R. Fl eming, 1. R. Harrowfield , A.E.W .
Knight , J. M. Morris , R. .3. Robbins , and C. W. Robinson ,
Opt. Comm ., 20, 36 (1977).

6. Exciton Fission and Annihilation in Crystalline Tetracene ,
C. R. Fleming, D. P. Milla r, C. C. Morris , J. M . Morris ,
and C. 14. Robinson .

7. Rotationa l J)jfjusjon as a Probe for Molecular Conformation
and Solven t Attachment , C. R. °ieming, A.E.W . Knight , J. M .
Morris , R. J. Robbins , and C. U. Robinson .

8. Spectra l and Tempora l Bandwidths of the Harmonics of A Modi —
Locked Nd+3/phosp hate Glass , C. R. Fleming, I. R. Harrowfi eld ,
A.E.W. Kn ight , J. M. Morris , R. 1 . Robb in s , and C . U .  Ro l it i son .

11 . ABSTRACTS OF PAPERS

Al. “Molecular Electronic Radiationless Transition s, ” fr om Fxc l i ed
States, C. 14. Robinson .

T h i s  is a review ar t i c l e  w i t h  103 r e f e rences  of work on
quantum mechanical radlationless transitions f rom t h e  incep-
t ion  of the f i e l d  in 1927 to 1974 .  The r ev iew not  o n l y
covers  the “pretheoretical period ” b e f o r e  the  Rob Inson-
Froschi papers in 1960—19tt2 , but also the Intermedi ate per ted
of research in t h i s  area which was d i r e c t l y  st i m u l a t e d  by
the  R— F papers , up to the  presen t era, where the field
the ore  t i c  app roach and l i t  c lo se  re I .i t I onsh Ip between
radiatlonless processes , absorption spectrescopy , and the
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dependenc e of the p repared state on the O X ~~C r i rsn i t  l i s t  ‘s I i ph
s o u r ce a r st rong lv  emphias Ized .

A 2 .  Theor y  of  R a d i a t i o n l e s s  J r a ns i t i on s  in P o l v a t i : i i -  M u i e ~~u l e - ; .
Iii termed late C;ts e , C. U . Rob irison and C. A. 1. rr

A theory of radiaL i u n l e s s  transitions that spans tio~ lo t r—
r ; e l l a r.t e l s e  be twe en t h e  ‘‘sma I I mol ecule ’’ and ‘‘hi g mo lecule ’’

irn i t s  is p r e sen t e d .  The thi€o r is appi icahlc t sp e ct ra  ;ind
p i -osecon d t inc c vo lu t  ion expe r imen t s  c o n c e r nin g  s tat e s  511011 c
t i i t  v i b r o n i c a l l v  p e r t u r b e d  second ex c i t e d  s i n g l et  s t a t e  of

t;~ t t h a I e n o  s t u d i e d  by Wesse l . An i m p o r t a n t  nh i losop liv :sed
o t he  l i p i r o  is th e  ‘‘unbundi  I ng ’’ of thi  t in c — d e p e n d e n t  and

S i t  ie~f l t r\’ st a t e  aspects of t h i s  prob l em . T h t i s  v i e w  has ht ~~n
s t r u n g ! y emp hias Ized by Rhodes and al lows  ea ch  p a r t  of  t h c
p r o b l e m  to hi h a n d l e d  scpara tc1~ w i  thout being lini ted by the
i p pr o x im a t i o n s  o f  t h e  o tn e r .  The s a g l e — s h i n r p —  OV C ! —embedd e d—
i n — a — c o n t i n u u m  model is used , and the st ip u l a t i o n  tha t the
sha rp  l e v e l c a r r ie s  a l l  t h e  o s c i l l a t o r  s t r e n g t h  i s  r e t a i n e d .
1Lwevcr no l imi t ing r e s t r i c t i o ns  are  p laced  on t h e  n a t u r e  of
t h e  c o n t i n u u m  nor the i n t e r a c t i o n  m a t r i x  e l e m e n t s .  Thus t i t i
theory encompasses both the s t a t i s t i ca l  l imit  and the small
molecule  l imit  as wel l  as all cases i n t e r m e d i a t e  between these and
should the re fo re  be of more in teres t  to the  e x p e r i m e n t al i s t .
The exact Green function for  th i s  problem is o b t a i n e d , allowing
the observed absorption specti~um and t ime e v o l u t i o n  e x p e r i m e n t s
under  var ious  exc i t a t i on  condi t ions  to be exac t l y r e l a t e d  in a
prac t i ca l  way . Transformat ion  between an observed spec t rum
and unperturbed zero—order  s ta tes  is poss ib le  and should  he o t
use to the spectroscop ist when trying to ana lyze spectra in
reg ions of massive perturbative mixing.

A l .  Dominance of Methy l Groups in l’icosecond V i b r a t i o n a l  R e l a x a t i e t n
in Hydrocarbons , P .  R. Monson , S. P at u mi evap i b a l , K.  J .  K a u f n : t t i n ,
and G. 14. Rob inson .

Picosecond relaxation times of c—il s t r e t c h i n g  vib r a t i o n s  in
a series of liquid hydrocarbons have been measured using th~
Raman scattering technique . The results i n d i c a t e  tha t the
v i b r a t i o n a l  energy los s takes p lace p r i m a r i ly  t h r o u g h the
meth yl  group~ in these molecules .

A4 . Time Decay and Untangling of Vibroiiicall y Tangled Resonan t - c :
N aphthalene Second Single t , C. A. Lang h o f f  and C . 14. Rob I nson.

The Green function method is used to explain quantitativel y
t i r e  very complex spec t rum of nap h tha lene  In the region of th 0
second e x c i t e d  s i ng l e t  s t a t e  ( ‘B2u ) stuclie ’d e x p e r i m e n t a l l y  by
Mc Clure  and by Wessel .  The ‘B 2u s t a t e  s t r o n gly  in t e ra ct s  w i t h
a mass of v ib ron ic  levels belon ging to the lower s ingle t  ( t B~~1)
caus ing  a comp lete lack of correspondence between the zero—
order  energy levels and the observed spec t rum . In the s p i r i t
of Wessel’s ideas , a zero—order dens ity can be derived from
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he obse r v e d  op e -  t run t , a I l ‘t W I  rig t i t e  sp e c; r - c  op cc tos  I vs i 5 1
P c o n t i n u e d  f rem t ite we:ii< lv pert urhed reg ion in to t h e  ~~t r i:g i y
p e r t u r be d  ‘‘ r e s o n - t n ’’ . She v i b r o n i c -  a s s ig r r ’i . n t  s - ; 1 r ;  he node- ‘0

~ ith in a 1 — 3  1n 1 , i c c u r a c v . f i n s sp e c t r a l re g i o n  a l s o  p r .  s e I i t O
a good e x a m p l e of  t h e  ‘‘ i n t e r r n e d i ; t t e ’  case- ’’ in  r ; t ’ ! i t t  i o i t l e s t ,
i l i o n  t h e o r y , i t i d  unde r sui o h i e  c x ~- i t a t  i , t t  w o u l d  g i v e - r i -  t o
c om p l i c a te d , r i o n i e x p ’fle t r t  i i i  I l u o r ’ - i - a l n c e  t I - c a y , si  t h t  low o v e r i l  I
luorescerre e- y L i -  1 d . A d i  S~)( PS 1 OIl Pe ’  Ia t i OIiSI I  i p ,  Ic- rivet! oil P 1 i C r

a l l o w s  t h e  r e t i  and  i isi g i n ar v  p a r t s  of  t h e  ( :1c c n f u n c t i o n  i ,

oh t a i ned I rum the ths rp Lion S~~e C  t r im . Uiren t t e - ~~ e t o  m i s  ar  use d
in the  t i n e  evol u t - ion  e qu a t i o n s  u n d e r  v ar  us I i g r i t  s ’f l ; r (  e e :-: i i—
a t  ion s , lu o r e sc eo ce  dec ;r \  cu rve s cu i  he c a l c u l a t e d .  Tire-

o ir ve s  e x h t i h i  ‘ we l i — d e f i n e d  p i c o s c —~ ond or s u l ’p i c o s e c o i r d  “ he
m t  c onmrenc i ng a t  l n t e i i s  i t ie s  a 

- l c -ast  t c o  or d e r s  i f  magn i t r id e-
b e l o w  t ha t  of he in i t  f a l  ( t = O )  i nt e n s  i t v .  Us ing  present p i cu ~
se- ond t e ch n o l o gy ,  t h e  b e at s  ‘s u ld  bc d i f f i c u l t  to  d etect
nap S’ I ; l en e  -ac e  g ives  bu t  one e x a m p l e  o~ a mo i c - c u i c -  h a v i n g

~~~
‘ c a l  lv t ang led  r e so n a n ce s ’’ ; many  o t he r  l a r g e  p o l - . a t  n i  c

s aS w e l l  as sina 11 er mu i c c  ul c’; I I ~~~- NIL , , ‘- t  , r o d CS
1 r complications.

AS . , of rime—Resolved Resonance Scattering, J. 0. Berg, (~ •\

arig lioff , and C. 14. Rob inson .
A theor is presented  tha t  desc r ibes  the t i m e -  dc -p en d e t r ’ ;e  of

s c a t t e r i n g  o f f  an atomic or molecu la r  “ re sonance ” u s i n g  tunab 1
dye laser pulses.  T h e  main conc lusion i s  t h a t  t h e r e  is  rio
exponentially decaying component wh i ch depends  upon t i l e  I r e - q u e n i c e
d i f f e r e n ce  between the e x c i t i n g  pulse and t i re  resonance- .
the  l i m i t  of ex t remely  nar rowbanded exc i t a t i o n , a l l  t i m e  r e- s~-
lu t i o n  is lost , and the usual resonance sc a t t e r i n g  i n t e n s i t y
formul as are ob ta ined .  In the opposite limi t , where the cxc i—
1 ~t t  ion is broad—banded , formulas  descr i  bing fluorescen ce (h -cay
emerge . Tile time evolution for t i n e  case of more than a singl e
resonance can be obtained n u m e r i c a l ly ,  bu t  an anal y t i c a l  e x pr e s -

ion is  p o s s i b l e  fo r  t h e  s te a d y  st a t e  s c ;t t l e r in g  anp l i~ ude

two resonances , f r om  which exact resonance Roman formulas ciii 5, f, ’ rrr: I.

‘ f  . The Level S h i f t  Operator  and i t s  R i f e c t s  On Li t re  Shapes In
V ibronically Perturbed Spectra , C. A. Lirnglroff and C’. . W .  R o b i n s on .

Tl i i ~ p aper  d iscusses  the role of the leve l slt i f t  ope r a to r  i n
v i b r on i c a l i y  m i x e d  molecular  r esonances . The e f f ~ ct  of t h is

• opera to r  on the  shapes of resonances i s  p a r t i c u l a r l y  important
w h e n  the re sonances  c o n t a i n  r e s o l v e d  s t r u c t u r e .

A ) .  An Appr o ach  I t  Tin - N t i d ~~r st a n d in g  of Radi ation Chte nnni st r v in iS-
Con dense d Phase , .J .  0. B erg and C. 14. Ro! ’Ins~ n .

This paper desc ribes a pur ely electronie me chanism by wh i c -hi
20 cV e x c i t at i o n s  in condensed phases relax t o  l owe r e n e rgy

sla t e s .  The mechanism u t i l i z e s  :ifl “energy  f i s s i o n ” process
whereb y an Ionic  or exc i t on i c  s t at e  sp l i t s  i n t o  two lower
energy states , a t least one be ing localized. The mechanism
explain s not only the known rapidity of such processes but
also suggests an exp lanation for the proport ionation of the
cltcndstry h , e t W ~ Cfl i o n i c  and electronically excit ed state’s.
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- , N . I t i n e  r . l  , t i e  — i i  I c - L i  r i .  - Ne I a t . r i L l S h i I 1)  ru t h I ’m 50 l ull - ri d S i r  i t t e r  j u g  ‘ ii

Li  gI 1 [cv - c i t  ant i c ~l I cc u le ~~ , C . 
N’. Rol )  I n s t  ri - itt d .1 . ( I . Re-  it ’..

ott I ii 1 i nc ’ - v i r rd i na cv R ay  i.e - i  ph Sc i t  I c - r i  n g ,  R ;em ;i i n
se’dt I e r  ii . ‘ , irn d t i n e -  ahsci i- p t _ iou an d Ice -t I; has i (MI of  I I gu t  is

- T ’ t~~ e0 ‘I m C i  d I S I ;  i t s - i c 1 I ron an c xp er  i o r e - n i t  ; c I ap e-ct r si - i t
~

i i at  ‘ S

- ‘in i t  v i e w .  - ‘ p p  1 lea  1100 to i’ ly:itom ie mc i i i c.-u lea p r e - se -n t ; ;
un l i i a c -  i n t h e  h e - : ; , — ; w i t i  c i t  ar e  di sci:’ ;seel . ‘lin e time r’ - , h u n j  1 d he -
: l ! - ! c ’ t o  , t e ’ec n ;uIt t i n  exp e rim enta l result- , o i l , n -ar , and on

cia i n k ;  ‘~e - ak  e x c i t i n g  l i gh i t  s o u r c e s  01 v a r i o u s  h a n d
sh a p e s .  i re  e v o i u l  IOU ( if  t i r e  F r a n k — C o n d o n  ch ive- i n i p e  on l i e - a r  i f l~~

m e - re’s- n u n  - c -  re- g i on i s  dc-sc r I bed , and t I ti re - ib i c e  -n d e n  t a s p e c t
t i on a r e  t re - ; i t e d  in a genera l w r y . The th e- i ’ cv

l i i  it : pre- ’- ;t ’ :t I orm c a n n o t  be used when tin- l i g h t  ~- i ’ r r - e -  is
Set in t e ns e t h at populat [on inversion , ntu l t i p ir oton e- fects , and
Stl~ r ult t e- d p l c - c e a s e s  take p lace .

A9. E x t r a c t i o n  of Vj b r o n i c  Information From T an g l e d  S p e c  t r a , J .  0 .
Se rg.

A new method of c a l c u l a t ing ti le z e r o — o r d e r  d e n s i ty  f u n c t i o n
d i r e c t l y f rom tine a b s o r p t i o n  spec t rum has been foun d and app lied
to the o r i g i n  reg ion  of naph th alene ’s second e x c i t e d  s i ng le t
s t a t e .  Resu l t s  are in good agreement  w i t h  th e-  t i r a l — a n d — e r r o r
method of Larighoff and Robinson .

Bi.  A U n i f i e d  Theory  of Time—Dependent  Ligh t S c a t t e r i n g ,  C.  14. R o b i n s o n
and J. 0. Berg.

A u n i f i e d  theory  is p resen ted  f o r  t i m e — d e p e n d e n t  l i g ht
s c a t t e r i n g  of an u n c e r t a i n t y — l i m i t e d  pulse f r o m  f a r  o f f — r e s o n a n c e -
into the resonance region . The theory reduces to the conven-
tional Kramers—Heisenberg second—order perturbation result
i f  a monochromatic li ght sourc e is used. The two photon—
states ’ contribution to the scattering cross sect ion has I i -
same t ime dependence as the ligh t  sourc e , w h i l e  the ze ro—
photon state- has the time—dependence pre viousl y i-a Icu l~nted
for near—resonance light scattering.

132 . Resonant and Near—Resonan t Rayleigh and Raman Scattering for
A Dia tomic Mol ecule , J. 0. Berg and C. 14. Robinson .

Using the results of the preceeding paper In the time—
independen t (narrow exciting line) li mit , excitation profiles
for Raylei gh and Raman cross sections have been -alcult erd I c r

an actua l diatomi c molecule f rom ove-r 8000 c-m~~ off resonance
into the re sonance region . Three interference effects , a

‘v i b r a t i o n a l  level i n t e r f e r e n c e” , an “on—resonance  Franck— (~ mndon
i n t e r f e r e n c e - ” , and an “ o f f — r e s o n a n c e  i n t e r f e r e n c e ” arc- diseu~ se d .

l i e  usual formula for scattering cross section is shown to lead
to errors off—resonance if the basis set is t r u n c a t e d .
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C I .  D i r e c t  Obs e r v a t i o n  of R o t a t i o na l D i f f u s i o n  by  P i ~ ose - i ou td
Ii~i e C t ro s( ’ (ip v , C . R.  F.l e - u i r h n g ,  J .  M. M o r r i s , and C.  ‘.- . R o b i t u s c i u t .

Ti  me d e p e n d e u n  t [1 u or e m n .- e - n n t .- e -  de po l ;ir i  zr t j o t ;  r n e - ; t  o r e - t n t - n  s
l i ’ ~’t I c r  t h e -  f t  r a t  t i m e -  h & en e x t e u i d e - e I  LI) t I ,  p i n s ;  . oud r e - g i u n

u s ’ . ; ;  g St re-ak e-ime- ra opt  i i l  mul L ichanne- 1 mom I - ‘z ~ 
d . ‘ -

I - l t i e ’ r c ’ -o - e ’ n n  d e r i v a t i v e  dyes  (~- t . N ’ . 500—10 0 0)  r ’ ’t ~ i m t ’ i n p t t l a r
o oivt-ii I a rc a i f  t h e i r  vo l ume- is a t  I cast dotul , I e I tat of t i r e  t r

‘ l i - cu  I e- because  of s o l v e n t  a t  tac but te -nt , a i r  e I  h e ’  c I no I i’d
1- i n s t e - i n  and elaborated upon by Marine- i-a o r i n d  I c - r i - I n  many
ye-ar’ ; inc. This e ff e c t  is apparently th , - l r a  or cause  of
b i - t ’ ,ikdowu oh tin e- litera l Ein stein hivd r dvn ;tni i - mod el f i r

i - I  t i o n  of t i n e r s e ’  re - ’ .;i tiv e iv srwtll n m c l ecn ; vs In .S O l U t  IOU .
‘ S i -  )

~O l V e fl t a t  t ;t c h m c n t  a iso v er  I I k e ly  r e d u c e s  t i n - e f f e c t  i i i

n ’ , e - C r .  r slt ;ipe n on r o t a t i o n a l  de -p c .l ar i  za t i o n , c a u s i n g  t h e s e
r Sm l e . c u l € - s t o  behave more I I ke- sp her e ’s  t i t a n  the - i r no 1 ‘ , - c i t l n r
struc Lur e - would impl y. BoLl: the f l u o r e - s c e n c e  i S - c ay  curv e-

m e r o t a t i o n a l  c o r r e l a t i o n  function derived from t i l e -  e x p e r i —
--,~‘n t a 1  d a t a , w i t h i n  the -  l i m i t s  of e x p e r i m e n t a l  e r ro r , d uc ; a \  as
p u r e  e x p o ne nt i a l s .  in  add i t ion , u n l i k e -  mos t f l u o r e s c e nce pr obe-
ex p er i m e nt s  on n a n o s e c o n d  t ime scales a p p l i e d  to  the  S t U d

macrom olecular structure , t ine  t h e o r e t i c a l  value  of 0.4 for tin-
polarization anisotropy at zero time is obse rved .  Compar i s ri of
these types  of r e - a u ]  ts  on p icosecond time sca les  cou l d  h a v e  i nnp l I—
c a t i on s  on the  s t u d y  01 f l e x i o n s  and r o t a t i o n s  of the  s u b s t r u c t u r e
of large m o l e c u l e s  having b i o l o g i c a l  imp o r t a n t - c .

C 2 .  Picosecond Spec t roscop ic  S tudies  of Spontaneous and S t i m u l a t e d
Emission in Organic Dye Molecules , C.  R.  F leming,  A.  E .  V .
Kni gh t , J. M. Morr i s , R .  J .  Robbins , and (1. W . Robinson .

St imula ted  emission f rom organic  dy e -s p rov ides  us with the-
p o t e n t i a l  for  p roduc ing  t unable , s h o r t  pulsed lasers.  S t imu—
I r t e d  emission can also i n t e r f e r e  in t h e  measuremen t of e x c i t e d
s t a t e  l i f e t i m e s  of dyes when e x c i t e d b y i f l t e r h r ; e  p icosecond
pu lses .  Time—resolved measurements  of the e m i s s i o n  f r o m  sev c- r ,il
o r g a n i c  dyes as a f u n c t i o n  of exc i t a t i on  intensity have l) een
carr ied  out in  order to de te rmine  the c o n d i t i o n s  fo r  o b t a i n i n g
efficient dye lasers and co r rec t  e x c i t e d  s tat e -  l i f e t i m es . A
long bui l d—up t ime for  the s t imu la t ed  e m i s s i on  (~ 60 pse-e  f o r

u t 6—8 p5cc exciting pulse) has been observed and confirmed 1w
i t h e or e t i c a l  model. C a l c u l a t i o n s using t h i s  mode l show t h a t ,
even In  the presence of very weak s t i m u l a t e d  e - r r l s a l c i u i , t h e
emiss ion i n t e n si t y  does not  decay in the -mi r e - manner as tine-
d e - n s i t y  of e x c i te d  molecul€-s .

C3.  P icosecond  F l u o r e s c e n c e  S tudies  of Xanthen e ;  i ve s , C. R.  F l e n t i t t g ,
A . I - . W .  Knigh t , J.  M. Mor r i s , R . J . S .  Morr i son , and C . V .  Nob .inson .

Subnanosecond l i f e t i m e  measurements u s i n g  p i c o s e c o n d  p u l s e s
f r o m  a mode’ locked Nd +h /glass laser  t o g e t h e r  w i t h  conven t iona l
ihsor ~~tj u n  and f luorescence  y i e l d  methods have been used t o
s tud y t h e  p h r o t o p h y s l c s  of f lu o r e s c e i n  and t h r e e  of i t s  h a l o —
,-. e - t a t e d  der i vru t i  yes (eosln , e r y th i r o s i n  and rose- b en g a l )  i i i
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aquce’us rind s imple  alcohi olin - solvents. For each of t i t e r  dye ’
h o l e  r i l e S  a b s o r p t i o n  and f l u o r e - - m e e ; n c e  max ima  move- towards  it i g l i e  r

c -n e irg ’-  ( ‘‘h i  nrc- sit it ’’) as t I n e  a o l  v e n t  change - a  I rom i b ’ rOF { to b b ~ O.
F !  u ’ r e - i - ; L ’ T n t ; e -  i i  I i - t ime s  - m d  q u a n t u m  y i e l d s  are f o u n d  t o  di c re - -,c

~‘ v i  t i n  t h i s  s0~ v e n t  c i c : t n l g e - , and r l a o  v i  t h i  i i n c r e a s e d
t a l g, -;: t l i e u  (‘‘heavy a t o m  e f f e c t ’’) o f t h e -  f l u er c - s c ei n  p a r e n t
Publi st ie d t r i  ~ i t - I y i e l d  d a t a  corn f I rin t i t a t  L in e -  var i a t  ions  o b s e r v e - c l
i n  t h t i  nc ’tn ton el iat lye p a r t  of t i c - ’ d e c ; iy  r a t e -  can hi - att r i h u t e - d

l n o st  w l t 4 c l l - s’ t o  v a r i a t i on s  in the r a t e -  of S 1— T 1 i nt er s yst e m
c ro~~s i i n g .  A simp l e -  and r e asonab le  e x p l a n a t i o n  ref t i ne  observed
e !  t e e  La can be f oun d  ii f o r  these  p a r t i c u l a r  s o l v e n t — s o l u t e -
cemhiit rnti ren a , s t a b i l i z a t i o n  em n e r g i e s  l i e -  in t i r e -  o rde r  E (T

~t E ( S ~ ) :E ( s 0)  . This ide-a is c:onsis t e P t  wi tin b o t h :  tin-
in c r ea s ’-d S 1—S 0 sp e c t  r a l  “bl ue sh i  Ni-i” and tite enhanced fir t i - r -
ay s  ten  cross Log rate , a r i s i n g  from a ant i ] icr S —

gap ,  when t lt ese  dye? no It- c u les  a r e  p 1 m c  ed in  e i ’m ?‘ ‘ a l I t - n i l e .
s o l v e n t  e - r n y i  r o nment  . The s t u d i e s  ar e  r i l e y - t n t  t i c  t I n e -  u s e -  of
t i n e  oem dye-s mis fluorescent probes in biologicall y i m p o r t a n t
m o l e c u l e s .

4 . P icosecond  Fluorescence Spectroscopv Using a S t reak  Came ra ,
C. R. Fleming, .1. M. Morris , and C. V. Robinson .

This  paper  descr ibes  the f i r s t  s t reak—cam -r n — o p t  1 c m ] —
in u l t i ch a n n e l — a n a l yz e r  de t ec t i on  sys tem ~or p i c c s e cond p u l s e
spectr enscopy. A s i m i l a r  sys tem has been s e t  U~~ a t  Texas T e c h
University and is tine basis  fo r  r esearc in under  ARO g r a n t
DMI.C29_76_G_0289 during the-  l a t t e r  half  of 1,976 and a c o n t i n u i n g
grant DAA G—29—77—C—0028 now in p r o g res s .

CS.  h ’ ro~ e rt ies  of Sin gle Picosecond Pulses f r o m  N e o d y m i u m :  P in os—
pha te Cl ass , C. R . Fleming, I . R .  i h u r r o w f i e l d , A . E . W .  K n i g h t ,
J. M. Morris , R. J . Robbins , and (I. V . Robinson .

Streak camera detection has been used to d e t e r m i n e  th e
t empora l c h a r a ct e r i s t i c s  of p u l s e s  f r o m  N c l : p hosp h n a t e  g l a s s
used as a mode—locked laser  os c i l l a t o r  and as riO amp l i f i e r .
[ i n c  f requency doubled pulses are n o t  t r a n s f o r m  l imi ted ( c
= 46 cm~~~, M ôp s ) .  The fourth h ar m o n i c  i tas  a s p e c t r a l
bandwidth  of 11 cm ’ and is tunable across the f u l l  band-
width  of  tine second harm onic.  Tempera ture -  t u n i ng  charac te r -
i s t i c s  and e f f i c i e n c i e s  for  harmonic g e n e rat i o n  are desc r ibed
A comparison is made w i t h  the p r o p e r t i e s  of N d : s i l i c a t e  g l a o s .

1 11. P 1- . RS JNNF ; L

A.  Gr a d u a t e  s t u d e n t s .

1. M r .  Char les  A.  Lang htu ff rece ived i i i : ,  PhD In June , 1974.
Re is now an assistan t professor of chem ist ry at I l l i n o i s
In- : titute of Technology .

2. Ms. Sa—on Patunitevap ibal received her Phi) in June , 1975.
She was p a r t l y suppor ted by a Thai government  f e l l o w s h i p
and Is bac k in Bangkok t e a c h i n g  in mm woma n ’s c o l l e g e .
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3. ~1s . Jacqut- 1 inc ~) . Berg f m l  ~bteeI tine work I or h & - r Ph!) i t t
Sep tember, 1976 . She will official l v  r e c e i v e  t I m i  r . degreeS
I ron Cal ti~c - h i  in June , 1977 , and Is now work  lu g  is a J n ’ - t —

d o c t o r a l f e  1 low ~~ t in  P r o f es so r  M. A.  E l  - ‘h t ye -e l  at L . (~~. I . A .
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